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(57) A semiconductor device includes an array of 
electrical fuses having a structure which permits tight 
fuse pitches while enabling electrical fusing at voltages 
of about 1 0 volts or less. The fuses are useful to replace 
defective components of the device and/or to permit 
custom wiring. The semiconductor device includes a 
substrate with a tight pitch array of ruses including a plu- 
rality of fuse links of selective cross sectional area in 
closely adjacent arrangement, each connected at one 
end to an individual connector terminal of larger cross 
sectional area than that of the fuse link, and at another 
end to a common connector terminal of larger cross sec- 
tional area than that of the individual connector termi- 
nals. The common connector terminal is typically held 
at a less positive potential than one of the individual con- 
nector terminals during the time a fuse link thereat is to 
be opened such that electron flow is in a direction from 
the common connector terminal to the fuse link. The 
common connector terminal cross sectional area is de- 
sirably about 2 or more times that of the individual fuse 
links to enable electrical fusing at voltages of about 10 
volts or less. 



FIG. 2 




P(nt«Uby Jouv-sr. 75001 PAR S (PR) 



1 



EP 0 987 759 A2 



2 



Descripti n *■ 

[0001] This invention relates to electrically activated 
fuses having tight pitches which are well suited for use 
in semiconductors, and more particularly, to an opti- 
mized electrical fuse design and method of fabrication 
permitting tight fuse pitches in semiconductor devices 
while enabling electrical fusing at voltages below about 
10 volts, such as during fusing operation of redundancy 
activation or custom wiring, i.e., without compromising 
desired pitch reduction. 

[0002] In fabricating microelectronic semiconductor 
devices on a wafer substrate or chip, such as of silicon, 
to form an integrated circuit (IC), various metal layers 
and insulation layers are deposited in selective se- 
quence. To maximize integration of device components 
in the available substrate area to fit more components 
in the same area, increased IC miniaturization is utilized. 
Reduced pitch dimensions are needed for denser pack- 
ing of components per present day very large scale in- 
tegration (VLSI), e.g., at sub-micron (below 1 micron, i. 
e., 1,000 nanometer or 10,000 angstrom) dimensions. 
[0003] Redundancy techniques are used in semicon- 
ductor fabrication to provide deliberate duplication of cir- 
cuit components to decrease the probability of a circuit 
failure and thus increase circuit reliability. To offset de- 
fects that can occur in the circuitry, multiple copies of a 
given circuit component are connected in parallel to 
achieve continued operation upon failure of a particular 
component. Each such multiple component is provided 
with a set of fuses that can be blown to replace a failed 
component by a duplicate one during fusing operation 
of redundancy activation, e.g. : at final IC chip testing. 
[0004] Some ICs have conductive links between sem- 
iconductor devices that are coupled to fuses that can be 
laser cut (blown) after fabrication. Thus, in a dynamic 
random access memory (DRAM) circuit fuses can pro- 
tect transistor gate stacks from destruction due to inad- 
vertent build-up charges. After IC fabrication, the fuses 
can be blown to permit the DRAM circuit to function as 
if the protective current paths never existed. 
[0005] Also, fuses are used to set the enable bit and 
the address bits of a redundant array element in a 
DRAM circuit. To replace a defective main memory array 
element within a main memory array, a redundant array 
is provided which has a plurality of fuses in a fuse array 
coupled thereto via a fuse latch array and a fuse decoder 
array. In replacing a defective main memory array ele- 
ment, individual fuses in the fuse array are blown to set 
their values to either a "1" or a "0" as required by the 
decoder circuit. During operation, the values of the fuses 
in the fuse array are loaded into the fuse latch array upon 
power up, and these values then decoded by the fuse 
decoder circuit during run time. This facilitates replace- 
ment of specific failed main memory array elements by 
specific redundant elements of the redundant array all 
by veil known techniques. 

[00017, In particular, high density DRAMs are com- 



monly designed with memory cell redundancy whereby 
the redundant memory cells avoid loss of an entire 
memory in the event that a minor number of memory 
cells fail to function. Redundant memory cell activation 
5 is effected by blowing fuses selectively placed through- 
out the memory. Blowing a set of fuses disables the de- 
fective memory cell and enables in its place a redundant 
memory cell. 

[0007] Fuses may also be incorporated in an IC of a 
10 semiconductor device module adapted for custom wir- 
ing operation, depending on the requirements of the end 
user. By blowing selective fuses in the circuit, the sem- 
iconductor device module can be customized for partic- 
ular purposes. 

is [0008] Fuse blowing is effected by heating the fuse to 
melt it and create an open circuit, e.g., to replace a de- 
fective memory cell or other component by a functional 
cell or different component. The fuse is usually of alu- 
minum, copper or other highly conductive metal or metal 

20 alloy and has a central portion or fuse segment (fuse 
link) of smaller cross sectional area than its ends (con- 
nector terminals) to reduce the energy needed to meit 
the fuse and create an open circuit condition. 
[0009] The melting (blowing) of fuses can be effected 

25 by a laser beam with a controlled beam width. This can 
result in laser-induced damage to the area beneath the 
fuse link, mainly due to absorption of laser energy. Al- 
ternatively, electrical fuses can be blown by applying a 
high current thereto for heating the fuse link by electrical 

30 power without such damage. 

[001 0] To enable electrical fusing with voltages below 
about 10 volts in semiconductor devices, it is important 
that the cross sectional area reduction from the connec- 
tor terminals to the electrical fuse segment (fuse link) be 

35 as large as possible, preferably greater than 5 or 10. 
However, the need for such large connector terminals 
limits the proximity of neighboring fuses. 
[0011] The voltage necessary to activate an electrical 
fuse is very sensitive to the geometry of the fuse. The 

40 shape of the fuse, its linearity, and the size of the con- 
nector terminals all impact the voltage needed to blow 
the fuse. It is, therefore, important that the fuse geom- 
etry be optimized. 

[0012] An electrical fuse is basically an expendable 
45 overcurrent protective device having a circuit-opening 
fusible (meltable) conductive, e.g., metal or metallic ma- 
terial, fuse segment (fuse link) heated and destroyed by 
passing an overcurrent through it. The overcurrent 
heats the fuse link beyond the normal level of radiation 
so loss of the generated resistance heat that keeps its tem- 
perature below that at which it melts. The fuse link re- 
sistance is particularly determined by the material of 
which it is made, its cross sectional area, its length, and 
its temperature. 
55 [0013] Like any electrically conductive wire (and apart 
from the material of which it is made and its tempera- 
ture), if the length of a fuse link or connector terminal is 
doubled, its resistance is also doubled, whereas if its 
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cross sectional area is doubled, its resistance is halved. 
In short, the resistance ot a fuse link or connector ter- 
minal is directly proportional to its length and inversely 
proportional to its cross sectional area. 
[001 4] Some examples of the fabrication of semicon- 
ductor devices with fuse arrangements are shown in the 
following prior art. 

[1] U.S. Patent No. 4,635,345 (Hankins et al.), is- 
sued January 1 3, 1987, discloses vertical (threedi- 
mensional), as opposed to horizontal (two-dimen- 
sional), fuses in an IC memory array to increase the 
component density on a substrate in a semiconduc- 
tor device. A thin oxide fusible element (fuse link) is 
provided between the emitter region of a bipolar re- 
sistor, which emitter forms a bottom electrode (bot- 
tom connector terminal), and a top electrode (top 
connector terminal), e.g., of aluminum. Applying a 
voltage, e.g., of 12-14 volts, between the top elec- 
trode and emitter blows the thin oxide fuse, causing 
the top electrode to come into contact with the emit- 
ter. This is also referred to as anti-fuse. 
[2] U.S. Patent No. 5,436,496 (Jerome et al.), is- 
sued July 25, 1995, discloses an array of vertical 
fuses in an IC to increase the substrate component 
density in a semiconductor device. Each fuse is se- 
lectively permanently programmable after fabrica- 
tion and the fuse structure includes a buried collec- 
tor, an overlying base and an emitter above the 
base and having a metal contact, e.g. , of aluminum, 
at its upper surface. Heating the metal contact/emit- 
ter interface to its melting point by a current or volt- 
age pulse causes the aluminum to short through the 
emitter to the base, thereby programming the fuse. 
The vertical fuse functionally changes from a float- 
ing base transistor to a diode. 
[3] Japanese Patent Document JA 403 1 24047 (Sai- 
to) of May, 1991, per English Abstract, discloses a 
polycn/stalline silicon fuse link in a vertical U- 
shaped arrangement in an IC on a substrate to in- 
crease the fuse length within a confined substrate 
area in a semiconductor device. 
[4) U.S. Patent No. 5,313,424 (Adams etal.), issued 
May 17, 1994, discloses a semiconductor substrate 
having an electrically blown fuse circuit based on 
anti-fuse technology. A resistance decrease, e.g., 
of only 50%, due to dopant redistribution, is exhib- 
ited on "blowing" a given fuse. A redundancy sys- 
tem includes circuits to test a memory array to lo- 
cate a faulty element therein, a resistor to store an 
address of the faulty element and electrical fuses 
blown in response to binary digits of the address 
stored in the register on applying an enable signal 
from a single input to the semiconductor device. 
Programmable redundancy is provided by sensing 
resistance decreases due to dopant redistribution, 
e.g., in a polysilicon fuse link, in a programmable 
anti-fuse circuit. 



[5] U.S. Patent No. 5,420,456 (Galbi et al.), issued 
May 30, 1995, discloses a fuse link with a bend to 
reduce the power needed for driver transistors to 
blow the fuse to implement redundancy activation 

5 wiring or custom wiring in an IC on a substrate dur- 

ing semiconductor fabrication. Using stated blow 
control circuitry, the fuse can be blown with only 
about 10% of the input current density needed for 
a straight fuse of equal cross sectional area. This is 

10 due to current crowding at the bend inside corner 
which accentuates the current density and thus 
causes melting at the inside corner. This is en- 
hanced by melt notching which occurs at the bend 
and causes the fuse link melting to propagate 

15 across the fuse link width. The contents of this pat- 
ent are incorporated herein by reference. 

[001 5] It is known that the shape of an electrical fuse 
used in a semiconductor device can be changed to low- 
20 er the voltage needed to blow the fuse. The fuse gener- 
ally has a pair of connector terminals interconnected by 
a central fuse link. The fuse can have connector termi- 
nals of minimum fuse pitch cross sectional area and a 
fuse link of reduced cross sectional area to promote 
25 some differential resistance heating and some prefer- 
ential melting of the fuse link. 

[0016] Secondly, e.g. ; as noted in said [5] U.S. Patent 
No. 5,420,456 (Galbi et al.), issued May 30. 1995, the 
reduced cross sectional area fuse link of the minimum 

30 fuse pitch connector terminal arrangement can be bent 
to promote even more local preferential melting thereat. 
[0017] Thirdly the cross sectional area of the connec- 
tor terminals can be increased above the minimum fuse 
pitch to maximize the difference between the cross sec- 

35 tional area of the connector terminals and that of the 
fuse link to promote maximized differential resistance 
heating and maximized preferential melting of the fuse 
link. However, this maximized preferential melting of the 
fuse link occurs at the expense of the fuse pitch in the 

40 semiconductor device circuit because the increase in 
cross sectional area of the connector terminals limits the 
closeness of adjacent fuses in the given circuit arrange- 
ment. 

[0018] It is desirable to have a redundancy activation 
45 circuit arrangement or other circuit arrangement with 
fuses of optimum geometry that enable electrical fusing 
at voltages of at most about 1 0 volts, and preferably be- 
low 1 0 volts, without limiting the proximity of a given fuse 
to neighboring fuses or compromising the desired max- 
50 imum pitch reduction between adjacent fuses. 

[0019] The foregoing drawbacks are obviated in ac- 
cordance with the present invention by providing a sem- 
iconductor device with an electrical fuse construction 
permitting tight fuse pitches, and a method tor its fabri- 
55 cation. 

[0020] According to one aspect of the invention, a 
semiconductor device is provided which comprises a 
substrate having on a surtace thereof an array of tuses 
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including a plurality of fuse links of selective cross sec- 
tional area in closely adjacent arrangement. Each fuse 
link is connected at one end to an individual connector 
terminal of larger cross sectional area than that of the 
fuse link, and at another end to a common connector 
terminal of larger cross sectional area than that of the 
individual connector terminals. 

[0021] The cross sectional area of the common con- 
nector terminal is suitably at least about 2 times that of 
the individual fuse links to enable electrical fusing at 
voltages of at most about 1 0 volts. The common con- 
nector terminal is typically held at a less positive poten- 
tial than one of the individual connector terminals during 
the time a fuse link thereat is to be opened such that 
electron flow is in a direction from the common connec- 
tor terminal to the fuse link. Also, the common connector 
terminal is preferably locally notched at the point of con- 
nection of each fuse link thereto. 

[0022] In particular, the semiconductor device further 
includes a plurality of layers of insulation material such 
that the array of fuses is encapsulated between two lay- 
ers of insulation material of the plurality of layers of in- 
sulation material. One of the two layers is disposed in 
underlying relation to the array of fuses and the other of 
the two layers is disposed in overlying relation to the 
array of fuses. Electrical contacts are formed in respec- 
tive openings of the layer of insulation material in over- 
lying relation to the array of fuses, which openings cor- 
respondingly expose portions of the individual connec- 
tor terminals and common connector terminal. 
[0023] According to a preferred embodiment of the in- 
vention, the semiconductor device comprises a sub- 
strate having on a surface thereof a bank of electrical 
fuses in a tight pitch array for redundancy activation wir- 
ing or custom wiring, including a plurality of fuse links 
each connected at one end to an individual connector 
terminal of larger cross sectional area than that of the 
fuse link and at another end to a common connector ter- 
minal of larger cross sectional area than that of the in- 
dividual connector terminals. The common connector 
terminal is typically held at a less positive potential than 
one of the individual connector terminals during the time 
a fuse link thereat is to be opened such that electron 
flow is in a direction from the common connector termi- 
nal to the fuse link. 

[0024] In particular, the semiconductor device com- 
prises a substrate having on a surface thereof a tight 
pitch array of redundancy activation wiring or custom 
wiring fuses including a plurality of individual connector 
terminals of selective cross sectional area, each extend- 
ing longitudinally from a distal end thereof to a medial 
end thereof and being in closely adjacent side by side 
arrangement. A fuse link extends from the medial end 
of each individual connector terminal and is of smaller 
cross sectional area than that of the individual connector 
terminals. A common connector terminal of larger cross 
sectional area than that of each individual connector ter- 
minal is provided which extends crosswise of the side 



by side arrangement of the individual connector termi- 
nals and is connected along its length to each adjacent 
fuse link. 

[0025] From another aspect, the present invention is 
s directed to an array of fuses on a surface of a substrate 
of a semiconductor device including a plurality of fuse 
links of selective cross sectional area in closely adjacent 
arrangement, each being connected at one end thereof 
to an individual connector terminal of larger cross sec- 
10 tional area than that of the fuse link, and being connect- 
ed at another end thereof to a common connector ter- 
minal of larger cross sectional area than that of the in- 
dividual connector terminals. 

[0026] According to another aspect of the invention, 

' 5 a method of fabricating a semiconductor device is pro- 
vided for achieving an arrangement of redundancy ac- 
tivation wiring or custom wiring fuses. The method com- 
prises the steps of providing a first insulation layer on a 
surface of a substrate, providing an array of fuses on 

20 the first insulation layer, and providing a second insula- 
tion layer on the first insulation layer and the fuse array 
sufficiently to encapsulate the fuse array between the 
first and second insulation layers. The fuse array in- 
cludes a plurality of fuse links of selective cross section- 

25 al area in closely adjacent arrangement, each connect- 
ed at one end to an individual connector terminal of larg- 
er cross sectional area than that of the fuse link, and at 
another end to a common connector terminal of larger 
cross sectional area than that of the individual connector 

30 terminals. 

[0027] Further steps include providing respective 
openings in the second insulation layer to expose cor- 
respondingly portions of the individual connector termi- 
nals and common connector terminal, and providing 

35 electrical contacts in the openings for the individual con- 
nector terminals and common connector terminal. 
[0028] The invention will be more readily understood 
from the following detailed description taken with the ac- 
companying drawings and claims. 

40 

FIGS. 1a : 1b and 1c are top views, respectively il- 
lustrating three different prior art forms of electrical 
fuses, e.g., usable for fusing operation of redundan- 
cy activation in a semiconductor device; 

45 FIG. 2 is a top view of an electrical fuse arrange- 

ment, e.g., used for fusing operation of redundancy 
activation in a semiconductor device, in accordance 
with an embodiment of the invention; 
FIG. 3 is a top view of a portion of a notch modified 

50 embodiment of the electrical fuse arrangement 
shown in FIG. 2; 

FIGS. 4 and 5 are top views on a reduced scale of 
portions, respectively, of two further modified elec- 
trical fuse arrangements similar to that shown in 
55 FIG. 2; 

FIG. 6 is a top view on a reduced scale of a portion 
of a still further modified electrical fuse arrangement 
similar to that shown in FIG. 3: 
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FIG. 7 is an enlarged top view of a portion of the 
arrangement shown in FIG. 2, encapsulated be- 
tween insulation layers and containing electrical 
contacts, being partially broken away to illustrate 
particular details; 

FIG. 8 is a vertical sectional view, taken along a 
dashed line 8-8 of FIG. 7; and 
FIG. 9 is a schematic block diagram of a dynamic 
random access memory (DRAM) integrated circuit 
embodying an electrical fuse arrangement accord- 
ing to the invention. 

[0029] It is noted that the drawings are not to scale, 
some portions being shown exaggerated to make the 
drawings easier to understand. 

[0030] Referring now to FIGS. 1a, 1b and 1c, there 
are shown three different prior art forms of electrical fus- 
es, e.g. : usable for fusing operation of redundancy ac- 
tivation in a semiconductor device. FIG. 1a includes 
semiconductor device 10, wafer substrate 11, connector 
terminals 12 and 13, distal ends 12a and 13a, medial 
ends 12b and 1 3b, fuse link 14, and connection points 
15 and 16. FIG. 1b includes semiconductor device 20, 
wafer substrate 21 , connector terminals 22 and 23, dis- 
tal ends 22a and 23a, medial ends 22b and 23b, fuse 
link 24, connection points 25 and 26, and apex portion 
27. FIG 1c includes semiconductor device 30, wafer 
substrate 31 . connector terminals 32 and 33, distal ends 
32a and 33a. medial ends 32b and 33b. fuse link 34, 
and connection points 35 and 36. 
[0031] FIG. 1a shows semiconductor device 10 hav- 
ing a wafer substrate 11, e.g., of silicon, provided with 
a pair of opposed conneclor terminals 12 and 1 3. Con- 
nector terminal 12 is connected at distal end 12a to a 
circuit portion (not shown), and connector terminal 1 3 is 
connected at distal end 13a to another circuit portion 
(not shown). Connector terminals 12 and 13 are inter- 
connected at their facing medial ends 12b and 13b by 
a central fuse link 14 at connection points 15 and 16. 
Connector terminals 1 2 and 1 3 and fuse link 1 4 are typ- 
ically formed of conductive layer material such as poly- 
silicon, metal silicide, e.g., tungsten silicide, metal, e.g., 
aluminum or copper, or the like, yet fuse link 1 4 must be 
preferentially fusible (meltable). 

[0032] Fuse link 1 4 is of reduced cross sectional area 
compared to the minimal cross sectional area of con- 
nector terminals 12 and 13 in order to promote some 
differential resistance heating between fuse link 14 and 
connector terminals 12 and 13, and some preferential 
melting of fuse link 14. Connector terminals 12 and 13 
are comparable to a typical electrically conductive wire 
and are of acceptable size for inclusion of a plurality of 
such fuses in tight pitch array in- a side by side arrange- 
ment limited only by the size (width) of conductor termi- 
nals 12 and 13. 

[0033] FIG. lb shows semiconductor device 20 hav- 
ing a wafer substrate 21 provided with a pair of opposed 
connector terminals 22 and 23. Connector terminal 22 
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is connected at distal end 22a to a circuit portion (not 
shown), and connector terminal 23 is connect d at distal 
end 23a to another circuit portion (not shown). Connec- 
tor terminals 22 and 23 are interconnected at their facing 
5 medial ends 22b and 23b by a central fuse link 24 at 
connection points 25 and 26. 

[0034] Semiconductor device 20 of FIG. 1b only dif- 
fers from semiconductor device 1 0 of FIG, 1 a in that fuse 
link 24 is provided as a bent (non-uniform) element hav- 

10 jng an apex portion 27 to promote even more the differ- 
ential resistance heating between fuse 24 and connec- 
tor terminals 22 and 23 and especially local preferential 
melting at apex portion 27 of fuse link 24. 
[0035] Semiconductor device 20 of FIG. 1 b is typified 

is by the bent fuse link construction of said [5] U.S. Patent 
No. 5,420,456 (Galbi et al.). issued May 30, 1995. 
[0036] FIG. 1c shows semiconductor device 30 hav- 
ing a wafer substrate 31 provided with a pair of opposed 
connector terminals 32 and 33. Connector terminal 32 

20 js connected at distal end 32a to a circuit portion (not 
shown), and connector terminal 33 is connected at distal 
end 33a to another circuit portion (not shown). Connec- 
tor terminals 32 and 33 are interconnected at their facing 
media] ends 32b and 33b by a central fuse link 34 at 

25 connection points 35 and 36. 

[0037] Semiconductor device 30 of FIG. 1c only dif- 
fers from semiconductor device 1 0 of FIG. 1 a in that con- 
nector terminals 32 and 33 are provided as enlarged el- 
ements of pronouncedly increased (maximized) cross 

30 sectional area compared to that of fuse link 34 to pro- 
mote even more (i.e., maximize) the differential resist- 
ance heating between fuse 34 and connector terminals 
32 and 33 and the preferential melting of fuse link 34. 
[0038] Increasing the cross sectional area of connec- 
ts tor terminals 32 and 33 per FIG. 1c (maximally) above 
the minimum cross sectional area of connector termi- 
nals 1 2 and 1 3 per FIG. 1 a, promotes maximized differ- 
ential resistance heating and maximized preferential 
melting of fuse link 34. This is because there is a prac- 

40 tical limit to the degree of size reduction or cross sec- 
tional area reduction of the fuse link, and hence any fur- 
ther increase in the cross sectional differential must be 
in terms of increasing the size or cross sectional area of 
the connector terminals. 

45 [0039] However, as earlier noted, increasing the cross 
sectional area of the connector terminals, i.e., at the 
minimum practical cross sectional area achievable for 
the fuse link, results in an undesirable increase in the 
fuse pitch beyond the minimum desired fuse pitch in the 

so semiconductor device circuit system. This is because 
the increased cross sectional area of the connector ter- 
minals (see FIG. 1c) limits the closeness of adjacent fus- 
es, e.g., in the redundancy activation circuit arrange- 
ment. 

55 [0040] As demonstrated below, the prior art draw- 
backs of the constructions of FIGS, la, lb and 1c are 
overcome by the system of the present invention, which 
contemplates use of a redundancy activation circuit ar- 
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rangement or other circuit arrangement with fuses of op- 
timum geometry. This enables electrical fusing at volt- 
ages of at most about 10 volts, and preferably below 10 
volts, without limiting the proximity of a given fuse to 
neighboring fuses or compromising the desired pitch re- 
duction between adjacent fuses. 

[0041] Referring now to FIG. 2, there is shown an ar- 
rangement of electrical fuses according to the invention, 
usable for fusing operation of redundancy activation in 
a semiconductor device, e.g., at IC chip final testing, or 
usable for other purposes. FIG. 2 includes semiconduc- 
tor device 40, wafer substrate 41 , fuse array 42, individ- 
ual connector terminals 43, distal ends 43a, medial ends 
43b, fuse links 44, common connector terminal 45, distal 
portion 45a, medial portion 45b, connection points 46 
and 47, fuse pitch interval 48, and widths 48a, 48b and 
48c. 

[0042] FIG. 2 shows semiconductor device 40 having 
a wafer substrate 41 .e.g., of silicon, provided with a tight 
pitch array 42 of fuses, e.g., redundancy activation fus- 
es. Array 42 includes a plurality (bank) of unilateral in- 
dividual connector terminals 43 disposed in closely ad- 
jacent side by side arrangement, and connected at their 
distal ends 43a to a circuit portion (not shown) and at 
their medial ends 43b to a corresponding plurality of fuse 
links 44. A single common connector terminal 45 is dis- 
posed as a common pad or bus in opposing, e.g., cross- 
wise, relation to individual connector terminals 43, and 
is connected at distal portion 45a to another circuit por- 
tion (not shown) and at and along medial portion 45b to 
the adjacent bank of fuse links 44. Fuse links 44 inter- 
connect individual connector terminals 43 and common 
connector terminal 45 at connection points 46 and 47. 
[0043] Individual connector terminals 43, fuse links 44 
and common connector terminal 45 are typically formed 
of electrically conductive layer material, such as polysil- 
icon, metal silicide, e.g., tungsten silicide, metal, e.g., 
aluminum or copper, or the like, yet fuse links 44 must 
be preferentially fusible (meltable). The arrangement of 
individual connector terminals 43, fuse links 44 and 
common connector terminal 45 is provided on substrate 
41 in conventional manner, e.g. , by chemical vapor dep- 
osition (CVD) or plasma enhanced CVD (PECVD), such 
that they extend in thin layer form generally in horizontal 
(two-dimensional) direction and in coplanar relation to 
each other and to the surface of wafer substrate 41 , be- 
ing generally parallel to the surface of wafer substrate 
41. 

[0044] Fuse links 44 are of reduced cross sectional 
area (e.g., bounded by width 48a), compared to the nor- 
mal (minimized) cross sectional area (e.g., bounded by 
width 48b) of individual connector terminals 43 to pro- 
mote some differential resistance heating between fuse 
links 44 and individual connector terminals 43, and 
some preferential melting of fuse links 44. More impor- 
tant, common connector terminal 45 is of pronouncedly 
enlarged (maximized) cross sectional area (e.g., bound- 
ed by width 48c, i.e, equal to the running length ol the 
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common connector terminal 45), compared to individual 
connector terminals 43 to promote maximized differen- 
tial resistance heating between fuse links 44 (bounded 
by width 48a) and common connector terminal 45 
5 (bounded by width 48c), and maximized preferential 
melting of fuse links 44. 

[0045] Individual connector terminals 43 are compa- 
rable to a typical electrically conductive wire and are of 
acceptable minimal size (width) for inclusion of a plural- 
10 ity of such fuses in tight pitch array in a closely adjacent 
side by side arrangement limited only by the size (width) 
of the individual conductor terminals 43. On the other 
hand, since common connector terminal 45 extends 
crosswise of, e.g., normal to, the side by side, e.g., par- 
's allel, arrangement (bank) of individual connector termi- 
nals 43, its pronouncedly increased (maximized) oper- 
ative cross sectional area (e.g., bounded by width 48c 
compared to width 48a of fuse links 44). is readily ac- 
commodated in the allotted surface area of wafer sub- 
20 strate 41 . The length of common connector terminal 45 
can be matched to the extent in such crosswise direction 
of the side by side arrangement of individual connector 
terminals 43. Hence, the desired tight fuse pitch interval 
49 (i.e., the distance from the central axis of one indi- 
25 vidual connector terminal 43 to the next) is not compro- 
mised. 

[0046] The cross sectional area of common connector 
terminal 45 is desirably at least about 2 times, and pref- 
erably at least about 10 times, the cross sectional area 
30 of each individual fuse link 44, and especially more than 
10 times the cross sectional area of each of the individ- 
ual fuse links 44, for enabling electrical fusing at voltag- 
es of 10 volts or less. 

[0047] The common connector terminal 45 is typically 
35 held at a less positive potential (typically ground poten- 
tial) than one of the individual connector terminals 43 
during the time a fuse link 44 thereat is to be opened 
such that electron flow is in a direction from the common 
connector terminal to the fuse link 44. A fuse link 44 is 
40 typically opened during redundancy activation wiring or 
custom wiring fuses, e.g., at final IC chip testing. The 
bank of individual connector terminals 43 and fuse links 
44 typically includes repeated sets of eight individual 
connector terminals 43 and fuse links 44 (corresponding 
^5 to eight bits per byte) per usual redundancy activation 
technique. 

[0048] Referring now to FIG. 3, there is shown a por- 
tion of a modified arrangement of electrical fuses ac- 
cording to the invention, usable for fusing operation of 

50 redundancy activation in a semiconductor device, or for 
other purposes. FIG. 3 includes semiconductor device 
50, wafer substrate 51, fuse array 52, individual connec- 
tor terminals 53, distal ends 53a, medial ends 53b, fuse 
links 54, common connector terminal 55, distal portion 

55 55a : medial portion 55b, connection points 56 and 57, 
fuse pitch interval 58, and notched portions 59. 
[0049] FIG. 3 shows semiconductor device 50 having 
a wafer substrate 51 provided with a tight pitch array 52 
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of redundancy activation fuses. Array 52 includes a plu- 
rality (bank) of unilateral individual connector terminals 
53 disposed in closely adjacent side by side arrange- 
ment, and connected at their distal ends 53a to a circuit 
portion (not shown) and at their medial ends 53b to a 
corresponding plurality of fuse links 54. A single com- 
mon connector terminal 55 is disposed as a common 
pad or bus in opposing, crosswise relation to individual 
connector terminals 53, and is connected at distal por- 
tion 55a to another circuit portion (not shown) and at and 
along medial portion 55b to the adjacent bank of fuse 
tinks 54. Fuse links 54 interconnect individual connector 
terminals 53 and common connector terminal 55 at con- 
nection points 56 and 57, and provide fuse pitch interval 
58. 

[0050] Semiconductor device 50 of FIG. 3 only differs 
from semiconductor device 40 of FIG. 4 in that, e.g., bi- 
lateral, notched (indented) portions 59 are provided at 
connection points 57 to promote even more the differ- 
ential resistance heating between fuse links 54 and 
common connector terminal 55 and especially local 
preferential accelerated melting at notched portions 59. 
[0051] While the matter is not fully understood at this 
time, it is believed that notched portions 59 disrupt the 
local flow of electrons to promote high current densities, 
as the awkward, non-uniform shape involved is consid- 
ered to enhance the desired local increase in current 
density, thereby promoting accelerated local melting of 
the pertinent fuse link at minimized operating power. Re- 
ferring now to FIG. 4 : there is shown a modified bilateral 
arrangement of electrical fuses according to the inven- 
tion, similar to the arrangement shown in FIG. 2. FIG. 4 
includes semiconductor device 60, wafer substrate 61 , 
fuse array 62, individual connector terminals 63 : fuse 
links 64, common connector terminal 65. and connec- 
tion points 66 and 67. 

[0052] FIG. 4 shows semiconductor device 60 having 
a wafer substrate 61 provided with a tight pitch bilateral 
array 62 of fuses of the type shown in FIG. 2. Array 62 
includes two opposed sets (banks) of fuses, each with 
a plurality of individual connector terminals 63 disposed 
in closely adjacent side by side arrangement and con- 
nected to a corresponding plurality of fuse links 64. A 
single common connector terminal 65 is disposed as a 
common pad or bus in opposing, crosswise relation to 
individual connector terminals 63, and is connected at 
and along both sides of its lateral extent to the adjacent 
fuse links 64. Fuse links 64 interconnect individual con- 
nector terminals 63 and common connector terminal 65 
at connection points 66 and 67. 

[0053] Semiconductor device 60 of FIG. 4 only differs 
from semiconductor device 40 of FIG. 2 in that the fuse 
links 64 and individual connector terminals 63 are pro- 
vided on both running sides of common connector ter- 
minal 65. 

[0054] Referring now to FIG. 5. there is shown anoth- 
er modified bilateral arrangement of electrical fuses ac- 
cording to the invention, similar to the arrangement 



shown in FIG. 2. FIG. 5 includes semiconductor device 
70, wafer substrate 71 , fuse array 72. individual connec- 
tor terminals 73, fuse links 74, common connector ter- 
minal 75, and connection points 76 and 77. 
5 [0055] FIG. 5 shows semiconductor device 70 having 
a wafer substrate 71 provided with a tight pitch bilateral 
and angular array 72 of fuses of the type shown in FIG. 
4. Array 72 includes two opposed sets (banks) of fuses 
in angular disposition, each with a plurality of individual 
10 connector terminals 73 disposed in closely adjacent 
side by side arrangement and connected to a corre- 
sponding plurality of fuse links 74. A single common 
connector terminal 75 of angular shape is disposed as 
a common pad or bus in opposing, crosswise relation to 
15 individual connector terminals 73, and is connected at 
and along both sides of its angular lateral extent to the 
adjacent fuse links 74. Fuse links 74 interconnect indi- 
vidual connector terminals 73 and common connector 
terminal 75 at connection points 76 and 77. 
20 [0056] Semiconductor device 70 of FIG. 5 only differs 
from semiconductor device 60 of FIG. 4 in that the fuse 
links 74 and individual connector terminals 73 are pro- 
vided on both running sides of angularly shaped com- 
mon connector terminal 75. 
25 [0057] Referring now to FIG. 6, (here is shown a fur- 
ther modified arrangement of electrical fuses according 
to the invention, similar to the arrangement shown in 
FIG. 3. FIG. 6 includes semiconductor device 30 : wafer 
substrate 61. fuse array 82 : individual connector termi- 
30 pals 83, fuse links 84, common connector terminal 85, 
connection points 86 and 87, and notched portions 89. 
[0058] FIG. 6 shows semiconductor device 80 having 
a wafer substrate 81 provided with a tight pitch three 
sided array 62 of fuses of the type shown in FIG. 3. Array 
35 82 includes a pluratity of individual connector terminals 

83 in closely adjacent arrangement, each connected to 
a fuse link 84 which in turn is connected to a single com- 
mon connector terminal 85, i.e., around and along three 
of its sides, thus permitting efficient use of an oddly 

40 shaped available substrate area by array 82. Fuse links 

84 interconnect individual connector terminals 83 and 
common connector terminal 85 at connection points 86 
and 87. Common connector terminal 85 is provided with, 
e.g. : bilateral, notched (indented) portions 89 similar to 

45 notched portions 59 of FIG. 3 and for the same purpose. 
[0059] Of course, all of the embodiments of the inven- 
tion can include such notched portions at the common 
connector terminal connection points with the fuse links 
for the desired purpose. 

so [0060] Referring now to FIGS. 7 and 8, there is shown 
a top view (FIG. 7), and a cross-sectional view (FIG. 8) 
through a dashed line 8-3 of FIG. 7 r of a portion of the 
arrangement of FIG. 2, encapsulated between insula- 
tion layers and containing electrical contacts. FIGS. 7 

55 and 8 variously include semiconductor device 40. wafer 
substrate 41, fuse array 42, individual connector termi- 
nals 43, electrical contacts 43c, fuse links 44, common 
connector terminal 45, distal portion 45a, medial portion 
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45b, electrical contact 45c, first and second insulation 
layers 91 and 92, contact openings 93 and 94, and third 
insulation layer 95. 

[0061] FIGS. 7 and 8 show a portion of semiconductor 
device 40 with water substrate 41 , e.g., of silicon, having 
fuse array 42, e.g., formed from a deposited layer of 
polysilicon, and including individual connector terminals 
43 connected to fuse links 44 in turn connected to com- 
mon connector terminal 45, in encapsulated condition. 
[0062] More specifically, a first insulation layer 91 of 
suitable dielectric material, such as silicon dioxide, is de- 
posited on wafer substrate 41 , and then the layer of fuse 
forming material, e.g. , of polysilicon, is deposited on first 
insulation layer 91 to form fuse array 42, such as by pho- 
tolithographic masking and etching technique. Thereaf- 
ter, a second insulation layer 92 of such dielectric ma- 
terial is deposited onto first insulation layer 91 and in 
covering relation over fuse array 42 sufficiently to en- 
capsulate fuse array 42 between first and second insu- 
lation layers 91 and 92. 

[0063] Second insulation layer 92 is next provided 
with individual contact openings 93 aligned to expose 
corresponding underlying portions of individual connec- 
tor terminals 43. Second insulation layer 92 is also pro- 
vided, e.g., in the vicinity of distal portion 45a and more 
or less remote from medial portion 45b, with a common 
contact opening 94 to expose the underlying portion of 
common connector terminal 45. Then, individual elec- 
trical contacts 43c are deposited in individual contact 
openings 93 in conductive contact with the correspond- 
ing individual connector terminals 43, and common 
electrical contact 45c is deposited in common contact 
opening 94 in conductive contact with common connec- 
tor terminal 45. Finally, a third insulation layer 95 is de- 
posited onto second insulation layer 92 to enclose pro- 
tectively and isolate fuse array 42 on wafer substrate 41 . 
[0064] Electrical contacts 43c and 45c are formed of 
suitable electrically conductive material, such as a met- 
al, e.g., aluminum, and are provided to connect the fus- 
es of fuse array 42 into particular circuits as desired. 
Thus, individual electrical contacts 43c connect corre- 
sponding individual connector terminals 43 to one por- 
tion of a given circuit arrangement, while common elec- 
trical contact 45c connects common connector terminal 
45 to another portion thereof in conventional manner. 
[0065] Like fuse array 42 ; first, second and third insu- 
lation layers 91 , 92 and 95, as well as electrical contacts 
43c and 45c, are deposited, by conventional technique, 
e.g., by CVD or PECVD, as desired. Contact openings 
93 and 94 are also provided by conventional technique, 
such as by photolithographic masking and etching op- 
erations. 

[0066] Referring now to FIG. 9, there is shown a dy- 
namic random access memory (DRAM) integrated cir- 
cuit, for example, embodyingthe electrical fuse arrange- 
ment of FIG. 2. FIG. 9 includes DRAM circuit 101 , main 
memory array 1 02, redundant array 1 04, fuse array 1 06, 
fuse latch array 108 : and fuse decoder circuit 110. 



[0067] FIG . 9 shows a typical DRAM integrated circuit 
including main memory array 102 having redundant ar- 
ray 104 to facilitate replacement of a defective main ar- 
ray element within main memory array 1 02. For this pur- 

5 pose, a plurality of fuses, such as those in the arrange- 
ment shown in FIG. 2, are provided in fuse array 106 
coupled to redundant array 104 via fuse latch array 108 
and fuse decoder circuit 110. To replace a defective 
main memory array element, individual fuses in fuse ar- 

10 ray 1 06 can be blown to set their values to either a "1 " 
or a "0" as required by decoder circuit 1 1 0 in accordance 
with conventional technique. 

[0068] During operation, the values of the fuses in 
fuse array 1 06 are loaded into fuse latch array 1 08 upon 

'5 power up of the IC. These values are then decoded by 
fuse decoder circuit 110 during run time, to facilitate re- 
placement of specific failed main memory array ele- 
ments with specific redundant elements of redundant ar- 
ray 104. Techniques for replacing failed main memory 

20 array elements with redundant array elements are well 
known in the art. However, according to the invention, 
fuse array 106 is advantageously provided with a fuse 
arrangement of tight pitch, such as that of FIG. 2, for 
conserving wafer substrate space and more densely 

25 packing circuit components on the microchip. 

[0069] The fuse links, individual connector terminals 
and common connector terminal are deposited on the 
wafer substrate by conventional technique in horizontal 
or lateral layer form in a suitable layer thickness, such 

30 as about 0.1-1.5 micron (1,000-15,000 angstroms), e. 
g., about 0.3 micron (3,000 angstroms). Typically, the 
fuse links are about 4 microns in length and about 0.2 
micron (2,000 angstroms) in width (such as width 48a 
of FIG. 2), the individual connector terminals are about 

35 1 micron or more in length and about 1 micron (10,000 
angstroms) or more in width (such as width 48b of FIG. 
2), and the common connector terminal is about 2 mi- 
crons or more in length, i.e., in the longitudinal direction 
of the pertinent fuse link, and about 2 microns or more 

40 in width (such as width 43c of FIG. 2). 

[0070] For example, at a fuse link width of 0.2 micron 
and associated common connector terminal width of 2 
microns : both at a 0. 3 micron (layer) thickness, the com- 
mon connector terminal cross sectional area of 0.6 

is square micron is 10 times the 0.06 square micron fuse 
link cross sectional area. Also, at an individual connec- 
tor terminal width of 1 micron and (layer) thickness of 
0.3 micron, the 0.6 square micron common connector 
terminal cross sectional area is 2 times the 0.3 square 

50 micron individual connector terminal cross sectional ar- 
ea. 

[0071] At such dimensions, a given fuse link, e.g., of 
the type shown in FIG. 2, can be blown with an input 
current density of typically about 10 6 to 10 8 amps/cm 2 
55 in the fuse link, using a current of typically about 1 to 50 
mA with the current density in the large connector being 
about 10 5 to 10 6 amps/cm 2 

[0072] The fusing voltage usable for the fuses of the 
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invention is usually about 1-10 volts, typically about 5 
volts, but may be as low as about 0.5 volts. For example, 
when the fuse link is of polysilicon or metal silicide, the 
fusing voltage is about 2-6 volts, and when it is ol metal, 
e.g., aluminum or copper, it is about 0.5-3 volts, or 1-3 
volts. 

[0073] Fusing voltages below about 10 volts are pos- 
sible because the common connector terminal has a 
cross sectional area of about 2 or more times, preferably 
about 10 or more times, that of the fuse links, without 
compromising the desired fuse pitch reduction or mini- 
mized fuse pitch attainable in practice. The fuse pitch is 
not compromised since the common connector terminal 
acts as a common large bus or electrode to ground the 
adjacent end of the fuse links such that the reduction in 
cross section from the common large bus to the fuse 
links is always large, preferably greater than a 2-fold, 
and especially a 1 0-fold, reduction, yet the fuse pitch is 
not adversely affected. 

[0074] The common connector terminal is typically 
held at a less positive potential than one of the individual 
connector terminals during the time a fuse link thereat 
is to be opened such that electron flow is in a direction 
from the common connector terminal to the fuse link. 
[0075] In the past, semiconductor fabrication was ef- 
fected with defective memory elements or other circuit 
components being replaced by redundant elements on 
testing at the wafer substrate level, using a laser to cut 
the fuse or overcurrent to blow the fuse to activate re- 
dundant elements. The substrate then underwent after- 
steps, e.g., dice, pick, sort, packaging, and burn-in, be- 
fore final testing. However, these after-steps added 
more stress to the chip which often introduced defects 
that could not be fixed at that point rendering the chip 
defective. 

[0076] In high volume, low margin products like 
DRAM ICs, any means of avoiding this problem is de- 
sirable. Current blown electrical fuses of sub-micron 
fuse pitch dimensions offer a convenient means to acti- 
vate redundancy circuits at the module level, after all 
packaging and general testing are complete. Per the in- 
vention, this can be achieved efficiently at low fusing 
voltages of 1 0 volts or less with a fuse arrangement that 
does not compromise desired pitch reduction and so 
does not require too much real estate to implement. 
[0077] Accordingly, it can be appreciated that the spe- 
cific embodiments described are merely illustrative of 
the general principles of the invention. Various modifi- 
cations may be provided consistent with the principles 
set forth. 



Claims 

1. A semiconductor device (40) comprising a sub- 
strate (4 1 ) having on a surtace thereof an array (42) 
of fuses including a plurality of fuse links (44) of se- 
lective cross sectional area in closely adjacent ar- 



rangement, each being connected at one end there- 
of to an individual connector terminal (43) of larg r 
cross sectional area than that of the fuse link (44), 
and being connected at another end thereof to a 
s common connector terminal (45) of larger cross 

sectional area than that of the individual connector 
terminals (43). 

2. The semiconductor device of claim 1 wherein the 
10 common connector terminal (45) is held at a less 

positive potential than one of the individual connec- 
tor terminals (43) during the time a fuse link thereat 
. is to be opened such that electron flow is in a direc- 
tion from the common connector terminal (45) to the 
is fuse link (44). 

3. A semiconductor device (40) comprising a sub- 
strate (41) having on a surface thereof a bank of 
electrical fuses in an array (42) for redundancy ac- 

20 tivation wiring or custom wiring, including a plurality 
of fuse links (44) each connected at one end thereof 
to an individual connector terminal (43) of larger 
cross sectional area than that of the fuse link (44) 
and at another end thereof to a common connector 

25 terminal (45) of larger cross sectional area than that 
of the individual connector terminals (43) the com- 
mon connector terminal (45) being held at a Jess 
positive potential than one of the individual connec- 
tor terminals (43) during the time a fuse link (44) 

30 thereat is to be opened such that electron flow is in 
a direction from the common connector terminal 
(45) to the fuse link (44). 

4. The semiconductor device of any preceding claim 
35 wherein the cross sectional area of the common 

connector terminal (45) is at least about 2 times that 
of the individual fuse links (44) for enabling electri- 
cal fusing at voltages of at most about 10 volts. 

40 5. a semiconductor device (50) comprising a sub- 
strate (51) having on a surface thereof an array of 
redundancy activation wiring and/or custom wiring 
fuses (52) comprising: 

45 a plurality of individual connector terminals (53) 

of selective cross sectional area, each extend- 
ing longitudinally from a distal end thereof (53a) 
to a medial end (53b) thereof and being in 
closely adjacent side by side arrangement; 

so a fuse link (54) extending from the medial end 

(53b) of each individual connector terminal (53) 
and being of smaller cross sectional area than 
that of the individual connector terminals (53); 
and 

55 a common connector terminal (55) of larger 

cross sectional area than that of each individual 
connector terminal (53). the common connec- 
tor terminal (55) extending crosswise of the 
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side by side arrangement of the individual con- 
nector terminals (53) and being connected 
along its length to each adjacent fuse link (54); 
the cross sectional area of the common con- 
nector terminal (55) being at least about 2 times s 
that of the individual fuse links (54); and 
the common connector terminal (55) being ar- 
ranged for connection at a less positive poten- 
tial than one of the individual connector termi- 
nals (53) during the time a fuse link thereat is 10 
to be opened such that electron flow is in a di- 
rection from the common connector terminal 
(55) to the fuse link (54). 

6. The semiconductor device of any preceding claim is 
wherein the common connector terminal (55) is lo- 
cally notched (59) at the point of connection of each 
fuse link (54) thereto. 

7. The semiconductor device of any preceding claim 20 
further comprising a plurality of layers (91, 92) of 
insulation material such that the array (42) of fuses 

is encapsulated between two layers (91, 92) of in- 
sulation material of the plurality of layers of insula- 
tion material, one (91) of the two layers being dis- 25 
posed in underlying relation to the array (42) of fus- 
es and the other (92) of the two layers being dis- 
posed in overlying relation to the array of fuses, and 
electrical contacts (43c) formed in respective open- 
ings of the layer of insulation material in overlying 30 
relation to the array (42) of fuses, which openings 
correspondingly expose portions of the individual 
connector terminals and common connector termi- 
nal. 

35 

8. An array (42) of fuses on a surface of a substrate 
of a semiconductor device including a plurality of 
fuse links (44) of selective cross sectional area in 
closely adjacent arrangement, each being connect- 
ed at one end thereof to an individual connector ter- 40 
minal (43) of larger cross sectional area than that 

of the fuse link (44), and being connected at another 
end thereof to a common connector terminal (45) of 
larger cross sectional area than that of the individual 
connector terminals (43). <*5 



link, and being connected at another end there- 
of to a common connector terminal of larger 
cross sectional area than that of the individual 
connector terminals; 

providing a second insulation layer on the first 
insulation layer and the array of fuses sufficient- 
ly to encapsulate the array of fuses between the 
first and second insulation layers; 
providing respective openings in the second in- 
sulation layer to expose corresponding portions 
of the individual connector terminals and com- 
mon connector terminal; and 
providing electrical contacts in the openings for 
the individual connector terminals and common 
connector terminal. 

10. The method of claim 9 wherein the cross sectional 
area of the common connector terminal is at least 
about 2 times that of the individual fuse links for en- 
abling electrical fusing at voltages of at most about 
10 volts. 

11. The method of claim 9 wherein the common con- 
nector terminal is locally notched at the point of con- 
nection of each (use link thereto. 



9. A method of fabricating a semiconductor device for 
providing redundancy activation wiring and/or cus- 
tom wiring fuses comprising the steps of: 

50 

providing a first insulation layer on a surface of 
a substrate; 

providing an array of fuses on the first insulation 
layer, including a plurality of fuse links of selec- 
tive cross sectional area in closely adjacent ar- 55 
rangement, each being connected at one end 
thereof to an individual connector terminal of 
larger cross sectional area than that of the fuse 
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